The outstanding advantage of digital signal processing (DSP) techniques and Field Programmable Gate Array (FPGA) technology is capable of improving the quality of the experimental measurements for nuclear radiation. In this article, a compact DMCA 8 K was designed and manufactured using DSP technique based on FPGA technology. In particular, the output of the preamplifier is completely processed by digital techniques which are obtained from the analog-to-digital converter (ADC) to calculate the baseline, DC offset, energy peaks, pile up, threshold discrimination and then the form of energy spectrum. The Spartan-6 board is used as a hardware for the development of the digital multichannel analyzer (DMCA), which is equipped with the 14-bit AD6645 with 62.5 Msps sample rate. The application software for instrument control, data acquisition and data processing was written under C++ builder via the RS-232 interface. The designed DMCA system has been tested with a HPGe detector using gamma sources of 60 Co and 137 Cs and a reference pulser.
Introduction
The task of electronics in systems of nuclear physics is to collect the electrical charge deposited in a radiation detector and to convert it into a digital code to be further analyzed by digital elements. In most cases, the significant quantities are the particle energy and the time of particle occurrence. The traditional spectros-system only approaches DSP technique to obtain the exact peak and store to DPRAM. The goal of our design was to build a digital multi-channel analyzer system that would completely base on DSP techniques. This system has functioned as follows: -Digital implementation of the shaping amplifier and peak sensing ADC, -Charge sensitive preamplifier directly connected to the digitizer, -Providing pulse height, time-stamp (16 ns) and optionally raw data, -Pile-up rejection, baseline restoration, ballistic deficit correction, -Best suited for high-resolution spectroscopy (HPGe and Si detectors).
For such purposes, a set of algorithms used in the digital spectrometric channel containing all necessary data acquisition elements have been developed.
The Overall Design of DMCA System
The block diagram of DMCA is shown in Figure 1 The DMCA is composed of A/D converter, the CR and pole-zero cancellation, digital pulse processing (DPP) integrated into FPGA, RS-232 communication interface and power supply unit.
A/D Converter
The analog signal from particle detector is transferred to the high-speed sampling ADC for analog-to-digital conversion in real time into FIFO (First-in First-Out) within FPGA. In this design, 14-bitAD6645 is used as a waveform digitizer at a sampling rate of 62.5 MHz.
CR Differentiator and Pole Zero Cancellation
The output of collected data from FIFO is an exponential signal with long decay time (50 µs) which is shortened to 3 µs by C-R differentiator. However; it creates an undershoot. A pole-zero cancellation (PZC) circuit is often applied to eliminate undershoot in many radiation detectors. Figure 2 illustrates the DPP system consisting of the various component circuits.
DPP for DMCA
In particular, the RC-(CR) N filter identifies pulses, generates triggers and time-stamp. These triggers are also used to initialize all components in the system. The trapezoidal energy filter shapes the input signal to form a symmetrical shape of the trapezoid [2] , restores the baseline and calculates the pulse height.
The drift of the baseline mainly is due to respiration or patient movement, variations in temperature and bias in the instrumentation as well. In order to eliminate baseline drift, an efficient algorithm for baseline drift correction is implemented by digital averaging of the trapezoid wave in cases when the spectrome- 
The Application Software
For controlling of data acquisition, setting of parameters and interfacing with the computer, an application program was developed, achieving lots of functions including RS-232 serial communication, system parameter settings, spectrum display and spectrum data management, energy calibration, etc. 
Experimental Measurements and Results

Determination of Integral Nonlinearity of DMCA
With DMCA system, precise energy calibration of a spectrum depends on the linearity of the system. To test the integral nonlinearity of DMCA, an experimental configuration is performed with reference pulser DB-2 generating a positive nuclear tail pulse with the rise time of 100 ns and fall time of 50 μs. Changing the incremental steps from 0 to 1100 mV, with the 44 mV step up. The corresponding channel-voltage value pairs are listed in Table 1 . ns (FWHM = 7 keV), the center peak is for input rise time of 50 ns (FWHM = 5 keV) and the highest peak is for input rise time of 100 ns (FWHM = 4 keV). 
The Effects of Pile-Up Rejection on Energy Spectrum
The Effects of Input Count Rate on the Peak Position
Peak channel of the generated pulse resolved by the DMCA is shown in Table 2 and presented in Figure 7 . The effects of input count rate on gamma-ray peak shift have been done using DB-2 pulse generator. An experimental arrangement is performed with rise time = 100 ns, fall time = 10 µs, time measurement = 100 s. Figure 7 shows a slight descending trend with increasing ICR for the position of peaks with different shaping time (1; 2; 3 and 4 µs). This means that with the increase of count rate, all the energy peaks shifted to lower energies.
Energy Resolution (FWHM)
The energy spectra collected from the 60 Co are shown in Figure 8 with the percent FWHM energy resolution of each discernible peak labeled. In particular,
FWHM of 60
Co at 1173 is 5 keV comparing to 4 keV with ORTECT's DSPEC jr.
Conclusions
This work carried out a design and construction of a compact DMCA-8K based on FPGA for high resolution gamma spectroscopy. This article also conducts an observation on the performance and quality of this system such as input count rate, FWHM, peak shape, peak position, pile up rejection, integral nonlinearity.
Main technical characteristics are as follows: 
